Background: Metastatic germ cell tumor (mGCT) patients receiving chemotherapy have increased risk of life-threatening venous thromboembolism (VTE). Identifying VTE risk factors may guide thromboprophylaxis in this highly curable population. Methods: Data were collected from mGCT patients receiving first-line platinumbased chemotherapy at 22 centers. Predefined variables included International Germ Cell Cancer Collaborative Group (IGCCCG) risk classification, long-axis diameter
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| INTRODUCTION
Germ cell tumors (GCTs) represent the most common solid cancer affecting young men. 1 Even in the metastatic setting, GCT are highly curable, due to their extraordinary responsiveness to cisplatin-based chemotherapy. 1 Subsequently, much focus is now placed on survivorship, and minimizing treatment-related toxicities while maintaining cure in these young men.
The increased risk of venous thromboembolism (VTE) in metastatic germ cell tumor (mGCT) patients is well recognized. [2] [3] [4] [5] [6] [7] [8] While cisplatin-based chemotherapy is highly curative, it may increase VTE risk, 9 with an incidence of approximately 10% in mGCT patients. [3] [4] [5] [6] [7] VTE can cause significant morbidity and even mortality. 10 Hemorrhagic complications may occur in mGCT, due to treatment-induced thrombocytopenia and the presence of choriocarcinoma. 11 There is a need to determine predictors of VTE risk in mGCT patients, in order to identify patients most likely to benefit from thromboprophylaxis.
Previously, in a small cohort, we reported that patients with large retroperitoneal lymph node (RPLN) metastases (>5 cm) were at significantly higher risk of VTE compared to those without (22% vs 5%, OR 5.26, P = .001). A similar but nonsignificant effect was observed in an underpowered validation cohort (14. 2% vs 6%, OR 2.54, P = . 16 ). 3 The Global Germ Cell Collaborative Group (G3) is an international consortium committed to the management of GCT. This G3 study aimed to validate large RPLN metastases as an independent risk factor for VTE in mGCT patients receiving first-line platinum-based chemotherapy. Secondary objectives aimed to determine the optimal cutoff for RPLN size as a predictor of VTE risk, to evaluate other potential risk factors, to assess the impact of VTE on overall survival (OS), and to explore the safety and benefit of thromboprophylaxis.
| METHODS
The study protocol was circulated through the G3 group for expression of interest to participate. Institutional research ethics board approval was obtained.
| Study population
The cohort consists of men diagnosed with mGCT (Stage 1S, 2, or 3 by American Joint Committee on Cancer [AJCC] stage classification 12 ) treated with first-line platinum-based chemotherapy with curative intent between 1 January 2000 and 31 December 2014. Patients with prior chemotherapy for GCT or history of secondary malignancy were excluded. Consecutive patients were enrolled from each site. Patients from the original study were not included. 3 
| Data collection
Retrospectively collected data were entered into case report forms. Baseline (pre-chemotherapy) variables included age, presence of an indwelling vascular access device (VAD), hospitalization (for any reason), primary tumor site, histology, AJCC stage, International Germ Cell Cancer Collaborative Group (IGCCCG) risk classification, and RPLN size. Baseline of largest retroperitoneal lymph node (RPLN), Khorana score, and use of indwelling vascular access device (VAD). VTE occurring at baseline, during chemotherapy and within 90 days, was analyzed. Results: Data from 1135 patients were collected. Median age was 31 years (range laboratory investigations were also recorded, including hemoglobin, leukocyte count, and platelet count. Khorana score ≥3, a known VTE risk factor in cancer patients, was calculated. 2 Renal impairment was defined as creatinine clearance (CrCl) <75 mL/min (calculated using the Cockcroft Gault formula) at any point during chemotherapy as this has previously been associated with increased VTE risk. 13 VTE was defined as either deep vein thrombosis (DVT) or pulmonary embolism (PE). Both symptomatic VTE and asymptomatic VTE detected incidentally during routine imaging were included in this analysis. Superficial venous thrombosis or thrombophlebitis were not considered VTE events. VTE events must have occurred between diagnosis of metastatic disease and 90 days following chemotherapy completion. Where available, longaxis diameter measured in axial cross section (selected given its use in AJCC staging) of the largest RPLN metastasis from the pre-chemotherapy CT scan was recorded. If unavailable, we used imaging reports to determine if the maximal diameter measured was >5 cm or ≤5 cm. Use of thromboprophylaxis and bleeding events were recorded. Last follow-up date and survival status were collected.
| Statistical considerations
Categorical variables were compared between cohorts using Fisher's exact test and Kruskal-Wallis test for two or greater than two variables, respectively. Continuous variables were compared using the Mann-Whitney U test. Optimal cutoff for RPLN size in defining VTE risk was determined using the area under receiver operator characteristic curve (AUROC) and quantified as the previously described c-statistic. 14 Risk factors associated with VTE were evaluated using univariable logistic regression. Multivariable analysis was performed using manual variable reduction; all variables with P < .1 in univariable analysis were included in the multivariable model individually, in addition to any variable showing evidence of confounding as previously described. 15 Patients who received prolonged thromboprophylaxis (≥7 days) were excluded from these analyses; patients receiving short-term thromboprophylaxis (<7 days) were included. An exploratory stratified analysis assessing large RPLN and VAD use was conducted using univariable logistic regression. Overall survival (OS) was assessed using the Cox proportional hazards method; VTE was classified as a time-dependent covariable. Statistical analyses were performed using SPSS version 21 (IBM Corp). The threshold for statistical significance was a two-sided P < .05 with no adjustment for multiple testing.
| RESULTS
We identified 1135 patients with mGCT treated with first-line platinum-based chemotherapy across 22 sites in 10 countries. Table 1 describes the patient characteristics. VTE events occurred in 150 (10%) patients. Of the potential VTE risk factors, Khorana score ≥3 was infrequent (7%), 33% of patients had baseline lactate dehydrogenase (LDH) >1.5× upper limit of normal (ULN), and 19% used VAD. The maximal longaxis diameter of the largest RPLN was available in 1011 (89%) patients, and the median diameter in this group was 3.0 cm, 25% had RPLN > 5 cm and 38% had RPLN >3.5 cm. Table 2 details the VTE events, most occurred during or within 90 days of chemotherapy (64%). Intrabdominal DVT was the most common location (30%). Most VTE were symptomatic (55%) and less than half required hospitalization (41%). There was one VTE-related death.
In the subset with available long-axis diameter, RPLN was associated with increased VTE risk when assessed as a continuous variable (OR 1.48, 95% CI 1.00, 2.18, P = .05). AUROC analysis determined that RPLN >3.5 cm had greater discriminatory accuracy (AUC 0.632, P < .0001) for VTE than RPLN > 5 cm ( Figure S1A ). Subsequently, 3.5 cm was selected as the ideal cutoff for statistical analyses. An exploratory stratified analysis for RPLN and VAD was conducted. In patients without VAD (n = 559), RPLN >3.5 cm was strongly associated with VTE (OR 4.15, 95% CI 2.16-7.99, P < .001), whereas in patients with VAD (n = 218) the association was nonsignificant (OR 1.61 95% CI 0.80-3.21, P = .18). The test for interaction between VAD and RPLN >3.5 cm was statistically significant (P = .04), suggesting that in those with VAD, RPLN >3.5 cm has a lesser effect on VTE risk.
There were 81 patients who received prolonged thromboprophylaxis, mostly low molecular weight heparin (LMWH) (n = 80). The VTE incidence in this thromboprophylaxis group was 15% (12 of 81) compared to 13% (138 of 1,054) in the non-thromboprophylaxis group. VTE risk factors were more common in the thromboprophylaxis patients (RPLN >3.5 cm 65% vs 36%, P < .001; VAD use 50% vs 17%, P < .001). Median duration of thromboprophylaxis was 45 days (range 8-239), while the median duration of chemotherapy was 65 days (range 33-184). An additional 48 patients received short-term (<7 days) prophylaxis prescribed for inpatient hospital admissions.
In the entire cohort, there were 17 documented bleeding events (1.5%), resulting in nine hospitalizations, with eight requiring intervention (Table S1B ). There were two bleeding-related deaths, neither were receiving anticoagulation. There were no bleeding events identified in those receiving thromboprophylaxis. Two bleeding events occurred in the 140 patients who received therapeutic anticoagulation for VTE (1.4%).
After a median follow-up of 49 months, there were 95 deaths. The 2-year OS was 99% for good, 95% for intermediate, and 71% for poor IGCCCG prognosis categories. In univariable OS analysis, VTE, RPLN >3.5 cm, and IGCCCG risk group were significant prognostic factors, while in multivariable analysis, only IGCCCG risk group remained significant (Table S1C ).
| DISCUSSION
This multinational G3 consortium study was designed to validate large RPLN as a VTE risk factor in mGCT patients receiving chemotherapy. We found that large RPLN independently predicted risk of VTE, and a cutoff of 3.5 cm allowed for greater discriminatory accuracy and superior predictive accuracy compared to our original cutoff of 5 cm. 3 Our data support large RPLN as a relevant biomarker that should be considered when assessing VTE risk in this patient population.
Several publications have identified large RPLN as a risk factor for VTE in mGCT patients. [3] [4] [5] [6] Gizzi et al 6 reported that enlarged RPLN was significantly associated with VTE in multivariable analyses. Similarly, a single-institution Austrian study found RPLN >5 cm was a strong predictor of VTE (stratified HR 3.29, P = .002). 5 Our study is the largest cohort to date of chemotherapy-treated mGCT analyzed for VTE and confirms large RPLN as a significant risk factor.
We also identified VAD use as a significant VTE risk factor. In our cohort, 19% of patients utilized VADs, with 29% subsequently developing VTE. Prior studies, hindered by heterogeneous cohorts and small sample sizes, estimated the incidence of VAD-associated VTE in mGCT patients to be 8%-59%. 7, [16] [17] [18] The increased VTE risk associated with VAD use in our study suggests that routine insertion of VADs to facilitate chemotherapy administration should be avoided. In situations where VAD use is necessary (eg, poor venous access, patient preference), thromboprophylaxis could be considered as a means of reducing VAD-associated VTE.
Other significant VTE risk factors were also identified. Khorana score ≥3, consistent with previous reports, was associated with increased risk; 2,3 however, it only captured 20 (16%) VTE events, restricting its utility in this patient group. Renal impairment, defined by CrCl <75 mL/min, was also associated with increased risk; however, as it is logged at any point during chemotherapy (and not at baseline), its utility as a predictive risk factor is limited. Only 15 patients had an extragonadal retroperitoneal primary tumor and its role as a VTE risk factor should be interpreted with caution. Unexpectedly, hospitalizations were more frequent than expected (43%) but not a significant VTE risk factor. Some participating centers regularly administered chemotherapy regimens such as bleomycin (BEP) as an inpatient and given these patients are not acutely unwell, they are unlikely to harbor the same VTE risks as other hospitalized patients.
A recent study by the Spanish Germ Cell Group suggested that the occurrence of VTE in mGCT patients was associated with poorer progression-free survival (PFS; HR 2.29, P = .02) and OS (HR 5.14, P < .001). 4 While Bezan et al reported a fourfold increased risk of death with onset of VTE (HR 4.0, P = .03), this association did not persist in multivariable analyses after adjusting for tumor stage. 5 In our study, VTE was associated with significantly poorer OS in univariable analysis (2-year OS 85% vs 95%, HR 2.84, P < .001), but this was not confirmed in multivariable analysis (HR 1.51, P = .10). As such, we were unable to validate VTE as an independent risk factor for OS.
While our study confirmed that large RPLN metastases predict for higher risk of VTE in mGCT, the role of thromboprophylaxis in these patients is unproven. One retrospective study demonstrated a twofold reduction in VTE with thromboprophylaxis, yet subsequent multivariable analyses using a matching model failed to show statistical significance (OR 0.50, P = .09). 6 Others have found no difference in VTE events with this approach. 19 Given the retrospective nature of our study and the selection bias involved in analyzing patients who received thromboprophylaxis, we cannot comment on the safety nor efficacy of thromboprophylaxis in mGCT patients.
Ideally, a prospective, randomized clinical trial would be conducted to demonstrate the benefit of thromboprophylaxis in mGCT with RPLN >3.5 cm. Currently, ASCO guidelines recommend against routine thromboprophylaxis for cancer outpatients receiving chemotherapy, 20 with the only exception being multiple myeloma where the risk of VTE is estimated to be 12%-36% when receiving thalidomide and dexamethasone. 21 Our data demonstrate the risk of VTE in mGCT patients with RPLN >3.5 cm (22%) to be comparable, and subsequently, thromboprophylaxis may have a role in these patients. While some centers have already adopted routine thromboprophylaxis in this high-risk patient population, 6, 22 given the risks of catastrophic bleeding in this curable population, a trial is required to determine if this is in our patients' best interest.
Our study has several limitations. Missing data were evident for multiple risk factors; however, our large sample size provided adequate power to overcome this. Our study did not include VTE events occurring beyond 90 days of completing chemotherapy, despite some data suggesting VTE risk persists beyond this period. 6, 7 We included patients receiving short-term thromboprophylaxis in VTE risk analyses, pragmatically defining a cutoff of 7 days, as we did not believe this short duration would significantly impact VTE risk. Maximal RPLN diameter was assessed by individual investigators rather than by central review, although interobserver variability was minimized through the provision of training materials to each site. Finally, as with any retrospective study, there is significant heterogeneity in practice patterns.
In conclusion, our large multinational study examining risk factors for VTE in mGCT patients receiving first-line platinum-based chemotherapy confirmed large RPLN as an independent risk factor for VTE and identified 3.5 cm as the optimal cutoff to identify patients who may benefit from thromboprophylaxis. We have also confirmed VAD use as a significant risk factor for VTE. Our findings have important clinical implications. Routine VAD insertion should be avoided in mGCT patients receiving chemotherapy, and thromboprophylaxis may have a role for patients with RPLN >3.5 cm and those where use of VAD is necessary, although prospective trials are desperately needed. 
